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In Vivo Tracing of Uptake of Antisense Oligonucleotides by Human Keratinocytes
Antisense oligonucleotides (ODN) are currently investigated as a
molecular therapeutic strategy in the treatment of malignant disorders
such as melanoma. There is, however, sustained interest in the skin as
target organ for direct delivery of ODN, not only for malignant but
also for benign hyperproliferative disorders such as psoriasis. But before
we arrive at the ultimate goal, i.e., the ‘‘gene cream’’ or the ‘‘antisense
lotion’’, there is still a way to go. Thus, the issue of uptake via the
cutaneous barrier as well as the possibility and the extent of uptake by
the nuclei has to be further elucidated. White et al (p. 887) have
investigated the uptake of FITC-labelled 15-mer C-5 propyne modified
phosphorothioate ODN by human skin grafts on athymic mice, after
intradermal injection and after topical administration using live confocal
microscopy. Without or nearly without degradation ODN were
observed in the nuclei of basal and suprabasal keratinocytes of the
grafts between 1 and 24 h after intradermal injection. In contrast,
Low-Risk Type HPV11 Triggers Expression of Genes of Interest
Transcription of the early genes of all HPV (more than 90 subtypes
are currently known) is initiated at the URR (upstream regulatory
region). Specific differences in this region, however, appear to exist
between the high- and low-risk HPV types, suggesting that the low-
risk HPV11 regulates the transcription by mechanisms different to the
known high-risk types. In order to investigate transcriptional regulatory
mechanism(s), Schenkel et al (p. 893) have generated and identified
transgenic mice carrying the LacZ coding sequence under the control
of the URR of HPV type 11. Surprisingly, the transgene was found
to be expressed exclusively by hair bulge epithelial cells, confined to
the epithelial cells located between the sebaceous gland and the outer
root sheath of the hair, and neither by tissues known to be susceptible
to HPV infection, e.g., oral or genital mucosa, nor by tissues usually
devoid of HPV infection. Only a fraction – between 7% and 14% of
all follicles – were reported to express the transgene, and only in adult
animals independent of age and sex, thus pointing to a developmental
regulation of its expression. As immunofluorescence studies to identify
The NF1 Gene, Neurofibroma, and Aberrant Wound Healing
Neurofibromatosis type 1 (NF1) is not only one of the most
common autosomal dominant human diseases but – based on the
observation that neurofibroma growth can be triggered by injury –
may also provide clues to the pathomechanisms of hypergranulation
in wound healing. NF fibroblasts have been shown to synthesize
and secrete higher amounts of collagen. To investigate whether loss
of the NF1 gene product, neurofibromin, is responsible for fibroblast
dysfunction, Atit et al (p. 835) have assessed nf11/– fibroblast
function in vivo in heterozygous nf11/– mice who do not
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uptake of ODN after topical administration could only be achieved
sufficiently by tape stripping of the grafted skin prior to epicutaneous
application and by addition of liposome complexes. When pure ODN
or ODN-liposome complexes were administered to unmodified skin,
however, they were ‘‘trapped’’ in the stratum corneum and only a
minor population of keratinocytes revealed nuclear uptake of ODN.
Mouse skin was much less susceptible for ODN uptake after intradermal
or topical application of ODN to tape-stripped skin as were the human
skin grafts, probably due to differences in murine and human ODN-
binding proteins. Beside the interesting technical aspects of in vivo
confocal microscopy, the model investigated by White et al may well
be used to trace and to estimate the amount of the uptake of putative
therapeutic antisense oligonucleotides in the future, and, possibly, to
study interactions between the therapeutic constructs and targeted
resident and/or passenger cells of the human skin.
putative stem cells were inconclusive, Schenkel et al characterize the
transgene-expressing cells as the epithelial cells surrounding the upper
part of the sebaceous gland by an iontophoretic protocol. The URR
contains binding sites for AP-1 and other motifs, and therefore
Schenkel et al investigated the modulation of the promoter activity by
corticosteroids and UV light. Whereas both environmental influences
increased the transgene expression, each following a certain time
course, application of the tumor promoter PMA had no effect, pointing
to the requirement of additional factors for in vivo activation of
the transcription. The fact that HPV11-URR is capable of driving
transcription exclusively in hair-follicle epithelial cells in close proximity
to sebaceous glands, and that the transcription is subject to a tight
regulation, this transgene animal model may become valuable in the
investigation not only of hair development. It may also be among
those viruses that according to their tissue tropism will be used for the
beneficial purpose of targeting corrective and/or therapeutic genes
specifically to hair-follicle epithelial cells – and not just to make
warts only!
spontaneously develop neurofibromas using an established full-
thickness skin wound-healing model. The authors demonstrate that
nf11/– mouse skin wounds have increases in wound depth and
area, and abnormal granulation tissue containing high amounts of
collagen in the dermal scars after excisional skin wounding, that
fibroblasts in the wounded area proliferate over an extended period
of time and, in vitro, respond to macrophage-conditioned media or
epidermal growth factor. Moreover, nf1–/– fibroblasts have been
investigated in vitro and have been shown to increasingly produce
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and deposit collagen. In addition, Atit et al have addressed the
question whether aberrant Ras expression may contribute to increased
collagen deposition as Nf1 regulates Ras activation in selected cell
types, but have shown that at least nf11/– fibroblasts use Ras-
independent pathways. Based on the observations of aberrant wound
healing and the abnormalities in skin fibroblasts in nf11/– mouse
skin, we may draw conclusions as to the development of the skin
abnormalities in NF1 patients. On the other hand this model may
also prove useful in studying modifiers of fibroblast function for
the prevention and/or treatment of hypertrophic scars.
